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WELD OF THE INVENTION 

[0001J He present invendon relatts geileraIly „ mobae 

- system te fc baBery ^ of ^ 

of poor coverage. 

BACKGROUND OF THE INVENTION 

rZT 8 T tavi ° g ~ 4 md — * ** ^ - - 

coverage. b havmg good COV e„ge, or a«as whe, reiadve.y strong Rp ^ 

I aT 1 , T device bMtKy w is — - * — - -p «* C 

» *. eyo,e m dex, as deaeHbe. in fc CDMA atandarf, vvbUe d* ^ device „ 
an * .«a He *, eyeie index „ ^ to tee of skflI „ fc J » 
» taefl, drsouased lat er. In areaa wnere tbere „ no eoverage. dre moniie device ear J 

-t^T* durins whkh il - «— * * * — - • — - 

am prior » fc of fc s]ot ^ tadex a bdrf 

acamaKron s^ence of mobae devicM &nows ^ ^ P 

» *«--.--*--.« fl -. I *,« ta- . 11 . fl(I , --1Ihlli4 ^ 

an tnd*, _ead„ns « „ ith . base ^ ^ * 
^n™ ob^ne, to obtain setop data SMh sy8tem ^ ^ 1 

Once the p g, D g channeI is ^ ^ ^ deyice cw remajo P^ 
* s^oendy enter a. aeeeas state for resistiatol „ ith fc ~ 
»™ e ongoing or for aendmg sbor, message aerviee (SMS) 
data bnra. message, He nroone deviee can men enter a traffic !t a«e for receiving 
incoming: or transmitting . . .. mg 
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a uainu siate ior rec 

mcommg or teansrniding outgoing calls, or for sending SMS dara burat mesaage, 

«004] •""^eyeleindeaopenr.esinU.ep.gingehannelof.henaobiledevice 
»d ,s sbo™ „ y in Figure 1. In the siotted nrode of operadon, i. J£ 
dev.ee ts se, to waae „p tom . skep mode „ ^ ^ J* 



WO 2004/042941 

PCT/CA2003/000309 

five aeebnda for exampl , ^ deyice wate ap for a ^ ^ ^ ^ 
rocerve an, message ta . ^ ^ ^ ^ ^ ^ 
sh« wmdow, of time 22 stoce it u wi(h ^ mobae ^ 

mobtie device is tochuicaHy ■„„■ m ae tae ^ ^ ^ fc ^ 

^Zr""" m ° Ch battery < *" ta8 """^ 20 ,hi,,, d ™ 8 u " 
[0005] to addition to situaSons wtoe ^ mobUe ^ ^ ta 

covemge area or no RF covemge area, nrere are stations in wtoch RF conditions ere 

G^mptocal location end ncwo*^ coverage nre examp.ee of dlMD ons in 
wtoch RF cr,ndidons can detotiomto. When toe paging channei is. ,„», tte nooife 
dewceen^ase^hnrodero^nta^^^^^^^^ 
and toe pagmg change,. However, because toe newly re-ac^ed sig™, can he tear 
agtun due to toe same condition, under which toe orighnd signa, was lost, toe mobito 
dev,ce continues to repeat this motion process until either RF condition, iroprove 
such toa. toe paging channe, is no. iost, or toe mobfle device becomes annate due to 
excess-ve drain of toe battery. m„ s toe periodic naroro of toe *, cycle index and 
power aavrng i, provides, m be ^ ^ ^ 

mos, of to, time to an acdve mode instoad of a stoep roode, where ft expends valuable 
batter, Me as toe paging channel is f^uendy gained and tee While in such RF 
contotiona where toe radio signal is no, comply lost for a tonger period of tin,., toe 
rootole dev.ce is .medio to enter any „. „f sIeep mode „ save ^ ^ 
0006] It is , toeroforo, desirable to provide a roetood for conserving mobile 

devaeebatterypowerinsitoationswheroRFcondidonsarepoor. 
23 SUMMARY OF THE INVENTION 

[0007] U is an „h ject „f fte present to ^ ^ ^ ^ 

dta^vanttge of previous bauery power conservation metooda. to p^ular, i. is an 
object „, toe invendon to provide a metood of ccntioffing , mobile device opemting in 
poor RF conditions such that battery power is conserved. 

30 (O008J ■» a lira, aspea, to. proaen, invention provider, a method for saving 

battery power in . deep sleep mode of a mobile device. Tne metood include, toe s,eps 
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of waking up from the deep sleep mode after a time interval , 

increasing the time interval if th. c, , „ »„ predetermined level, 

5 T0009] AcCOr ^S to ^embodiments of the present aspect the m oH-, „ • 

enters the dee D sleen ^ u P ™ e m °bUe device 

— «- z wZri a ° f ae sysfem 15 te - ■ 
^.o 0 r:ro;r^rr B "^"~ 8iDciudes — 8 ^ 

when the loop counter value Prm.io »u . P P modes 

P ounter value equals the maximum loop counter value The m «Hi 
device can switch rn the* i vaiue. ine mobile 

SWtCh to * e seco °d level deep sleep mode when the mobile device is in the 
first level deep sleep mode, and can switch to the third level deep sleeo nT H V 
> -^deviceisinthe.econdleveldeepsleepmode * ^ «* 

device ,o one of ,he second eerf *• ,7 , ' SW " CbilS mobife 

taeou, period H ^ ^ *" 

deep deep modea md SMting ^ ^ ^ ^ _ ^ 
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Panned „me valoe msoM ^ ^ ^ ^ ^ Jfc 

ft. prederemnned thne valne ^ with ae fe , leve] P ^ 

the second system list and the third SVSK „ „„ „„ H „, , ° f 

-bsetofthethiMs^emh,,. """ ** "* " «— - be. 

WW) to , ^ Mpect to preSM[ imxaai 

processor, a deep sleep controller, a variable setting controller and a low 

- zz : ir^r :r — ■ *• - - - 

rn ,., " signals. TTae low power controller iteratively samples an RF 

zip:: ^ m *• vMi * — ~ - - — 

des one of a plot ehannel and a paging channel, the deep sleep mode variable* 
nrclode a hmer valne for sethng the time interval and , ,oop conn, vie for Jul " 

» ^ device ! ' 7 T" PreSeM inVe,Ui0 " ^ " "** fM ■ 
channel, conning a nnmher of times the sys tetn channel is loM within . J£ 
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~;rr dKp step mafe - * ~ — - — . 

[00181 Tn „„ on f 016 system <*annaL 

PosUiontag System dme when the eh„„„ , , C ™ ra " G '° bal 

^ ,« end ^ ^ ^ — * one. and ^ . 

^n.edeep.eep^^rr^ •"" < -»— — 

.0 toe ordinal ^ fa "1 ^ '""^ Wm 

emhodunente of ££L ^ "* f0U0WkS ° f s ^ 

tte nwen-on ,n conjunalon Witt a. accompanying ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

F.g. 1 ^"totcj^e index totogdiagmn of ttepdorm- 

Kg. 4 is a flow chart showing a process of th* ^ , 
Figure 3; P of ^ channel Processor of 

ofFigm.3; 3 " " ^ Cha " ShOWi " S 3 P ~*« »~ saving confer . 
<**. 3; and" 8 ' 6 " 3 "°" *" " * - «-* «*• 
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Figure 3. 



Kg. 7 is a flow chart showing a process of th~ i~ 

s *■ process of the low power controller of 



DETAILED DESCRIPTION 
[0021] 



operaioo. fc a* deep d J^TT ^ " ^ *» — ° f 

devices even in areas of enn* condition for wireless 

state, or alternatively ™^ n „ , Probability of entering an idle 

ernatively, entering a longer power save mode. When the R* , *■« 
^proves, the mobile device exits from the deep sleen mod. 7 
15 state. P ^ mode 311(1 rehj nis to the idle 

n JZZs", a 7 5lMp "* embodineM <* — <~ 

««. device dud,* 7 3 " l0S ' * " 

.ember of Med HT! " " 1 « a » « 

l^e device 3 ~ — " * P— — d* 
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the art that the mobile device tunes tn th* i * 

forarnM . . ,. lcetunest ° ^ known frequency of the system and searches 
otuy wakes up to sample the RF condition If the RF r™,^ 

2 » «-«- ta fc mobiie ^ enBre a second 2; 

mode level » n * * ff pleS lncr eases with each sleep 

- z : rzrr Me ^ ** ~- ^ - 

step 108 At step inTZT . nimber ' »— ' » 

^ ^ L btep the condition of the <inmr.i«,i j- . 

ot7 J . . OI me sampled RF condition is determined Tf fh« 

counter vatae equals the maxima „ „ " K 
— urn vahte, the process „ sfep ^ ^ ^ ^ ^ ^ ( ^ 
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«* no * ^ fc delay toe , md ^ " 7 08 - *• «— I— * » 

■ <- i coupon* HI «f ,T ^ " — *«- b to 

— sj^, :„:; z z -re mod ? W8her - » 

condition sampling wh™ H«io ■ . l0W fre< l u ency of RF 

conserved. Furthermore *Wo a . wcr 01 tne mobile device can be 

valueinsecondsorminutes. be SeleCted to be 

ri od ^ :::rr :r nts of r m ^ ^ • — 

poorHFcoooio™. ~ m ' ^ **» f ™ "** P°»« U, 
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ce 111 me dee P sleep mode. Deep sleen sv^m <>nn • , , 
5 processor o» „ a , P y 200 incl «des a channel 

processor 202, a deep sleep controller 204, a variable setting controller 206 and T 
power controller 208 u« c ^oncrouer 206 and a low 

= n — -r- 

» appropriate d«D sle«n m ~, ■ „, 016 vanabte **">g conlroller 206 sets the 
Z Jl Z " "* ° f ** - « 

— Zot~:rr ^ b r "** — — * ~ - 

channel processor 202 for normal operation. 6 
[0029] The control processes for each nf ,h» 

' 11,8 *— — ** * -„ 

g data traffic ba t w=e„ the mobile ^ md , ^ ^ ^ 
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5 »2. » step 304 to 2 , 7 " l ° 3 -« "»» «» «* 

"r non Slotted modes while monitorins the niln, 
10 mobile device will switeh ,„ , k Pag " 18 oha ™ els - ™« 

channel J^^^ T ^ * "* * ^ ~ • * — 

»o.,o 8 oi ntot hi«:rr::it 0 r 8ch r if,hereasoDfMMcKs ™ 

— * T*. process Pro ceedsTs ^ H """ ' S * 

» <*«• ,„ stait ^ „„ bot „ ^ " ™ ■» *- "« cm. and 

Variables * and y a* always reset at ^ ir ^ " C °'° P, * d " "* 3 " 

- - ends, the procesa 4 - ~ ^ 

for o te systems. » .he sys*m is lost due „ ^ * 

«.e process to intetmediate steo -a * Pae, ° 8 < * a ""' el - **° 

3D4. P A • 0aerm ' "o ^s rett^ t0 slep 

W"M Pigtlre 5 shows the control process for thj» a 

' Hsnr. 3, which is eaecoted when the .^1^?^ " " 
channel mom the Cdntro, process o, Kg o re 4. Prom mt^eml ^ ^ ^.T 

P^sZ^eC-rr ^ ' 18 Se "° " cunent Cloba, 
^ • . p 311(31,16 P roc ess returns to stpn^n/i^c- 

. 4 v la mtennediate step «B" Steos 320 w ™ P FlgUre 

process enters step 324 which checlc, ,f " ** ^ *" *» 

P which checks tf x . at least equal to a preset value. If uot, then 
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the process.^ to step 304 of Figure 4 via immediate step «B» oth e • u 

5 lost by the mobile device. At step 328 the rf * ^ Chamiel " 

timeout period then v a „w q to me P rese t 

pcnoa, men x and y are reset in step 330 anrt th~ „ 

intermediate step «C» Otherwise rti PTOCeeds to 

<v «~ . utnerwise, the process returns to sten w> n * xr 
intermediate *t* n «ra» • j- P ,302 of Fl gure 4 via 

«*» 3. TTos eoudol ^ „ WlMy ^ 
. be discussed later, the oonool process „ f step c . As wdl 

- - 33, I. the present e-reodlree* ae mobik ^Z^^? 
systems it last acquired in its MRU tehl. a • u, ores the last ten to twelve 

----»^rr^zrr:: P ri: to " fa :^ 

Z^Z Z "f* ^ fM * *" ^ — From 

dey,ce are looked up foraoquiddoo attempts io SKp 335. me variable . . 

600, ft. prl are looked uoT '° ttme<li " e "* ^ to Systems 

U Preferably so, 10 1^1^ ^ - — 'aloe „ 

9 u. step 348. Thts u praodoally aohiovod by settiog „ „ me 
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to time t3 in ^^^^^^7 " " 
LWWJJ F lgure 7 ghows ^ 

Fitn,r^ i t • i . process for the low power controller 208 of 

Figure 3, which is executed after the variable time T» n * ^ zus of 

10 n are set in Figure 6 In step 350 A k , ^ ^ COUnter VaIue 

gure o. to step 350, the mobile device goes to deep sleep for the time T 
for conserving power. When the time T expires the mobil. a • P tor the tune T 

»„a cApjres, tne mobile device wakes ud in sten w 

and proceeds to step 354. In sten 354 .h* ^ « up in step 352 

intermediate stop "D" where T " "* ^ ° f ^ 4 * 

«« «^ * Lw : r: exiB *■ * ^ ^ -* * - 

» too« y flag „ ^ m I Z 8 -7 l, '"» 3 *'*- 

u-,- 11161 of two conditions are used to th* 

4, Signal to No,e Reno U no, satisfactory. „. mobile 

•ttomp, acqnMion of syatoms tot are marked as "No, Mcrra r while , 

within the prooesa of h 7 In sten 364 u ° Pera,mS 

lists in Pi„„ fi t SOto' InstopSM, the process cheeks for any systems from the 

hats m F 16me 6 whe „ M >tempt ^ nM 

*»m stop 362, «,.„ the „ autoimticalI P 344 " s Mtercd 

^ r™ - „ , Ajr 1IU 3110 tfte process proceeds to sten 
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temainin 8 for -fl— do. attempt, to, the ^ 

5 of Figure 7 * L 3 5 7 06 ""^ '° eX " tlK P™«» 

rgure 7. !f step 350 „ „,,„„,,„ Mtered ^ 

to Ure process retaK „, step 306 via ft 

returns ,„ 8ttp of Kg ure 6. Step 3,4 ahows th. mobrie * 
control process. M„ re „ y , ^ ^ 

S rapiaiy. After the loop counter is incremented in step 368 if {. 
compared to the maximum loop counter value in sten 370 Tf * , 

reached, then the process proceeds to step 372 In steo 372 th, 

p = ^ k which deep ^ mode levei ^ j ice * 

336, to ^ proc, wm ^ fc second leve] ^ ^ - 

20 E and steps 338 to 342 of Figure 6 If the mnict a ■ ■ """nteoiale step 

level deep sleeo m oH ,t. " C,lm, " , > , ™ <** 

deep sleep mode, the process will euter the thud level deep sleeo m „H. • 

25 TW„ m ^ 344 10 348 * totenuediate step "F» 

eaeh deep s ,eep mode level based upon the maximum loop counte, value u Z * 
variable setting controller 2n« „c c , SM ,n 1,16 

each loon fJL ' * SyStem SIN «™**> " »»Phd in 

^-P^^om.becausetoT.aalsosetinmevariabl e setting conhoHec 206 

where the ZTf R ^'^'^"*^'^<fcep sleep me^ievels 

h1: ;„rr; p tas md ,ess ~ y » - — • 

way lire is conserved under poor RF conditions. 
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[0034] a pre f eired embodiment the mn^i 

.eve., tastea d of ustog . loop C0MK , ^ 7 to - ^ -* 

IU035J fa another preferred embodiment the value « , k on 

— e ** »— * «~ — I. 
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What is claimed is: 

1. A method for saving battery power in a deep sleep mode of a mobile device 
comprising: 

a) waking up from the deep sleep mode after a time interval to sample an 
RF strength of a system; 

b) comparing the sampled RF condition strength to a predetermined level; 

c) increasing the time interval if the sampled RF condition strength is less 
than the predetermined level; and, 

d) entering the deep sleep mode. 

2. The method of claim 1, wherein the mobile device enters the deep sleep mode when 
a channel of the system is lost a predetermined number of times within a timeout 
period. 



3. The method of claim 1, wherein the step of entering the deep sleep mode includes 
switching the mobile device to one of a first, second and third level deep sleep 
modes. 



The method of claim 3, wherein the step of switching includes setting a maximum 
loop counter value to a predetermined counter value associated with one of the first, 
second and third level deep sleep modes. 

The method of claim 4, wherein the step of switching includes setting the time 
interval to a predetermined time value associated with one of the first, second and 
third level deep sleep modes. 

The method of claim 5, wherein the predetermined time value associated with the 
second level deep sleep mode is greater than the predetermined time value 
associated with the first level deep sleep mode. 
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7. The method of claim 6, wherein the predetennined time value associated with the 
third level deep sleep mode is greater than the predetermined time value associated 
with the second level deep sleep mode. 

5 8. The method of claim 1, wherein the step of waking includes determining a system 
for acquisition from a list of systems associated with one of the first, second and 
third level deep sleep modes. 

9. The method of claim 8, wherein the list of systems includes a first system list, a 
10 second system list and a third system list associated with the first, second and third 

level sleep modes respectively. 

10. The method of claim 9, wherein the first system list is a subset of the second system 
hst and the third system list, and the second system list is a subset of the third 

15 system list. 

11. The method of claim 1, wherein the step of comparing includes comparing the 
signaltonoise ratio of the RF condition to a predetermined value. 

20 12. The method of claim 4, wherein the step of comparing includes setting a mobility 
flag to true if a Pseudo Noise of the system is unknown. 

13. The method of claim 4, wherein the step of comparing includes setting a mobility 
flag to true or if the mobile device is moving. 

25 

14. The method of claim 12, wherein aphase of the Pseudo Noise is monitored for 
determining mobility of the mobile device. ■ 

15. The method of claim 12, wherein the mobile device returns to one of an idle state 
30 and the first level deep sleep mode when the mobility flag is true. 

16. The method of claim 15, wherein the step of comparing includes 

-16- 
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(i) 
(ii) 
(iii) 



incrementing a loop counter when the mobility flag is false; 
comparing the loop counter value to the maximum loop counter value; and 
swrtchmg the mobile device to one of the second and third level deep sleep 
modes when the loop counter value equals the maximum loop counter value 
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17. The method of claim 16, wherein step (iii) includes switching the mobile device to 
the second level deep sleep mode when the mobile device is in the first level deep 
sleep mode. * 

18. The method of claim 16, wherein step (iii) includes switching the mobile device to 
the thu-d level deep sleep mode when the mobile device is in the second level deep 
sleep mode. 

19. The method of claim 3, wherein the step of switching includes setting a maximum 
tuneout penod to a predetermined timeout value associated with one of the first 
second and third level deep sleep modes. 

20. The method of claim 19, wherein the step of comparing includes switching the 
mobrle device to one of the second and third level deep sleep modes when the 
maximum timeout period expires. 

21: The method of claim 1, wherein the step of switching the mobile device to one of 
the second and third level deep sleep modes includes switching the mobile device to 
the second level sleep mode when the mobile device is in the first level deep sleep 
mode. v 

22. The method of claim 1, wherein the step of switching the mobile device to one of 
the second and third level deep sleep modes includes switching the mobile device to 
the thud level deep sleep mode when the mobile device is in the second level deep 
sleep mode. 

23. A mobile device battery power saving system, comprising- 

a) a channel processor for providing a flag signal indicating loss of a system channel; 
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b) a deep, sleep controller for receiving the flag signal and providing a system lost exit 
flag; 

c) a variable setting controller for setting deep sleep mode variables in response to the 
system lost exit flag and for adjusting the deep sleep mode variables in response to 
control signals; and, 

d) a low power controller for iteratively sampling an RF condition parameter at a time 
interval defined by the deep sleep mode variables and for providing the control 
signals to the variable setting controller when the RF condition fails to improve. 

24. The mobile device battery power saving system of claim 23, wherein the system 
channel includes one of a pilot channel and a paging channel. 



25. The mobile device battery power saving system of claim 23, wherein the deep sleep 
mode variables include a timer value for setting the time interval and a loop count 

15 value for setting a number of iterations. 

26. The mobile device battery power saving system of claim 23, wherein the RF 
condition parameter includes a signal to noise strength ratio. 
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27. A method for switching a mobile device to a deep sleep mode comprising: 

a) monitoring a system channel; 

b) counting a number of times the system channel is lost within a timeout period; and, 

c) entering the deep sleep mode when the system channel count equals a 
predetermined number. 

28. The method of claim 27, wherein the step of monitoring includes monitoring one of 
a pilot channel and a paging channel of the system channel. 

29. The method of claim 27, wherein the step of monitoring includes resetting a 
channel lost counter and a channel lost start time value. 
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30. The method of claim 29, wherein the step of counting includes incrementing the 
channel lost counter each time the system channel is lost. 

31. The method of claim 30, wherein the step of incrementing includes setting the 
channel lost start time value to a first current Global Positioning System time when 
the channel lost counter value is one. 
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32. The method of claim 31, wherein the step of incrementing includes setting a 
channel lost end time value to a second current Global Positioning System time 
when the channel lost counter value has reached the predetermined number. 

33. The method of claim 32, wherein the mobile device enters the deep sleep mode 
when the difference between the channel lost end time value and the channel lost 
start time value is at least the timeout period. 

34. The method of claim 33, wherein the step of entering includes resetting the channel 
lost counter and the channel lost start time value after the mobile device enter, the 
deep sleep mode. • 
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Figure 1 (Prior Art) 
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